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Exposure to continuous or fluid 
theories of sexual orientation leads 
some heterosexuals to embrace 
less‑exclusive heterosexual 
orientations
James S. Morandini1*, Liam Dacosta1 & Ilan Dar‑Nimrod1,2

We examined whether heterosexual individuals’ self-reported sexual orientation could be influenced 
experimentally by manipulating their knowledge of the nature of sexual orientation. In Study 1 
(180 university students, 66% female) participants read summaries describing evidence for sexual 
orientation existing on a continuum versus discrete categories or a control manipulation, and in 
Study 2 (460 participants in a nationally representative Qualtrics panel, 50% female) additionally read 
summaries describing sexual orientation as fluid versus stable across the life-course. After reading 
summaries, participants answered various questions about their sexual orientation. In Study 1, 
political moderates and progressives (but not conservatives) who read the continuous manipulation 
subsequently reported being less exclusively heterosexual, and regardless of political alignment, 
participants reported less certainty about their sexual orientation, relative to controls. In Study 2, 
after exposure to fluid or continuous manipulations heterosexual participants were up to five times 
more likely than controls to rate themselves as non-exclusively heterosexual. Additionally, those in 
the continuous condition reported less certainty about their sexual orientation and were more willing 
to engage in future same-sex sexual experiences, than those in the control condition. These results 
suggest that non-traditional theories of sexual orientation can lead heterosexuals to embrace less 
exclusive heterosexual orientations.

People hold a variety of beliefs about the nature and origins of sexual orientation1–3. Traditionally, sexual orienta-
tion has been viewed as existing in discrete categories (e.g., homosexual vs. heterosexual) and as being stable over 
one’s life. In recent years, the idea that sexual orientation exists on a continuum from homosexual to heterosexual 
with varying degrees of bisexuality in-between (continuity) and that one’s preference for men versus women can 
shift overtime and context (sexual fluidity) has been on the ascendancy within academia, LGBTIQ + activism, 
and popular culture. From Miley Cyrus coming out as “sexually fluid”4 to TIME magazine running a feature on 
men who are “Not Straight. Not Bisexual. [But] Mostly Heterosexual”5 non-traditional ways of conceptualizing 
sexual orientation are now mainstream. Reflecting this trend, a recent YouGov poll found that Americans are 
now evenly split on whether they view sexual orientation as a continuum (40%) versus as a gay/straight binary 
(42%)6—suggesting the notion of the sexual orientation continuum has now permeated the broader culture, 
70 years on from Alfred Kinsey first introducing the Kinsey Scale7.

Why do these beliefs matter? A body of research indicates that people’s beliefs about sexual orientation are 
predictive of their attitudes toward sexual minorities. Typically, it is found that believing homosexuality to 
be biologically determined and immutable, rather than chosen or malleable, is associated with more accept-
ance of sexual minorities, presumably because gay/lesbian individuals are seen as less blameworthy for their 
sexualities8–11. On the other hand, viewing sexual orientation as existing in binary gay/straight categories predicts 
more prejudice, perhaps because it leads gay/lesbian individuals to be seen as more fundamentally different8,10. 
Likewise, denying the existence of bisexuality is a core component of the unique stigma (or biphobia) faced by 
bisexual folk12.
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While considerable attention has been paid to how our beliefs about sexual orientation may contribute 
to, or ameliorate sexual prejudice, little attention has been paid to how sexual orientation beliefs may shape 
understanding of our own sexuality. Making sense of our sexual orientation can be a difficult and confusing 
process—particularly when we possess stigmatised same-sex feelings. Although apprehending the nature of our 
erotic interests might seem like a straightforward process, how we come to understand and label our sexuality is 
at least partly circumscribed by the concepts and language available to us. The proliferation of non-traditional 
sexual identities in recent years appears to be a testament to this13.

Relevant to this conversation, YouGov polling finds that the proportion of Americans identifying as com-
pletely heterosexual (Kinsey 0) dropped 9% between 2015 (78%) and 2018 (69%). This shift is most dramatic 
among 18-to-34-year-olds-where exclusive heterosexuals now comprise a slim majority of the population (55%)6. 
Similar trends have been observed in other Western nations14. The bulk of those reporting same-sex attraction 
are non-exclusive heterosexuals (those mostly attracted to the opposite-sex but with some small degree of same-
sex attraction)—a group who is more prevalent than all other same-sex attracted individuals combined15. This 
marked increase in men and women reporting a non-exclusive heterosexual orientation is surely partly attribut-
able to dramatic societal progress in the acceptance of same-sexuality in recent years16. However, could it also be 
the case that exposure to continuous or fluid theories of sexual orientation—might provide some heterosexuals 
a framework to acknowledge and embrace their occasional same-sex attractions for the first time?

There is a reason to expect that providing information couched in scientific content/language may increase 
the perceived value of the information and increase the likelihood of changes in beliefs. Theoretical accounts in 
the persuasion literature suggest that individuals may apply two different processing approaches in their recep-
tivity to new information. Both the Heuristic Model of Persuasion17 and the Elaboration Likelihood Model of 
Persuasion18 identify elements, such as expertise, scientific framing, and source credibility as features that play 
an important role in leading people to adopt new—or adjust old—beliefs, independent of the actual persuasive-
ness of the argument being made under certain conditions. Experimental19 and neurological20 findings support 
this robust phenomenon.

In addition to the potential effect of the source of the information, it seems likely that certain types of indi-
viduals will be more influenced by exposure to continuous or fluid theories of sexual orientation than others. 
A significant body of literature demonstrates that female sexual orientation is more continuous and fluid than 
male sexual orientation21,22. For instance, women are significantly more likely to identify as bisexual or mostly 
heterosexual, than men15,23. To the extent that continuous and fluid notions more accurately describe women’s 
sexual orientation—it would be expected that they would be readily accepted by women than men. Addition-
ally, as women tend to report more positive attitudes toward same-sex sexuality than men24, and face less social 
backlash for same-sex interests and sexual behaviour25, they would be expected to be more willing to embrace 
some degree of same-sex attraction if it were discovered. Indeed, continuous and fluid notions of sexual orien-
tation may be particularly threatening to heterosexual males given that male-same sex sexuality violates male 
gender role norms and constitute a challenge to their privileged manhood/masculinity26. A significant body of 
literature demonstrates that males experience anxiety when faced with threats to their masculinity and engage 
in efforts to re-assert their masculine status27. Relatedly, heterosexual males more so than heterosexual females, 
are motivated to maintain rigid distinctions between themselves and homosexual individuals of the same gen-
der—and express more homophobic attitudes when this distinctiveness is threatened28—in order to assert their 
heterosexuality. In sum, these findings lead us to predict that heterosexual males will be less likely to embrace 
continuous or fluid theories of sexual orientation than heterosexual females.

Next, politically progressive individuals may be more affected by exposure to continuous and fluid accounts 
than conservative individuals. Research has demonstrated that political conservatives tend to perceive social 
categories in a more discrete manner than progressives, including sexual orientation8. This is likely associated 
with traits such as need for cognitive closure and intolerance of ambiguity/uncertainty which are found to be 
higher in conservatives than progressives29. Moreover, conservatives tend to be more prejudicial toward LGBT 
individuals30. Presumably this would lead to greater reluctance in acknowledging their own same-sex attraction 
(if present) and reduced tendency to accept a non-exclusive heterosexual orientation.

We decided to test the above possibilities experimentally. Across two studies we examined whether exposure 
to different accounts of sexual orientation (continuous or discrete in Study 1, and continuous, discrete, fluid, or 
stable in Study 2) influenced how heterosexual men and women rated their sexual orientation on a Kinsey-type 
continuum, as well as their willingness to engage in sexual/romantic encounters with members of the same-sex, 
and their level of uncertainty in their sexual orientation. Additionally, both gender and political orientation were 
examined as potential moderators of these effects. We hypothesized:

1.	 Those participants exposed to continuous or fluid theories of sexual orientation will be more likely to report 
non-exclusive heterosexual orientations, sexual orientation uncertainty, and willingness to engage in same-
sex sexual/romantic experiences, than those in the control group.

2.	 The effect of continuous and fluid theories of sexual orientation on sexual orientation indices will be mod-
erated by (a) gender and (b) political orientation, such that women and political progressives will be more 
likely to report non-exclusive heterosexuality, sexual orientation uncertainty, and willingness to engage in 
same-sex sexual/romantic experiences, than men and conservatives respectively.

3.	 Those participants exposed to discrete, or stable theories of sexual orientation will be less likely to report 
non-exclusive heterosexual orientations, sexual orientation uncertainty, and willingness to engage in same-
sex sexual/romantic experiences, than those in the control group. We undertook exploratory analyses to 
examine if gender or political orientation moderated these effects.



3

Vol.:(0123456789)

Scientific Reports |        (2021) 11:16546  | https://doi.org/10.1038/s41598-021-94479-9

www.nature.com/scientificreports/

These hypotheses and planned analyses were pre-registered online (https://​osf.​io/​2chd5/?​view_​only=​f07db​
63b93​27433​4ae57​86c0b​2b17b​b0).

Study 1
Methods.  Participants were recruited from a first-year psychology participation pool at The University of 
Sydney. To be eligible for participation, students were required to speak fluent English, identify as heterosexuals 
(“straight”) on a pre-screener survey, and identify with the gender they were assigned at birth. The final sample 
consisted of 180 participants (120 female). Participants ranged in age from 18 to 53 (M = 19.51 years; SD = 3.76). 
Sample size was determined before any data analysis as outlined in the OSF pre-registration. With regards to 
ethnicity, 46.2% identified as Asian, 44% as White, 5.4% as Middle-Eastern, 3.8% as mixed ethnicity, and 0.5% 
as Indigenous Australian. All participants reported their sexual identity as “straight (heterosexual)”. Based on 
a 9-point Kinsey-type scale completed at pre-test, 132 participants (82 female; 76.1% total) rated their sexual 
orientation as exclusively heterosexual [i.e., “1”], 40 (37 female; 22.3% total) as almost exclusively heterosexual 
[i.e., “2”], and 3 (1 female; 1.6% total) as mostly heterosexual [i.e., “3”]. Political orientation was rated on a 
7-point scale, from Extremely Conservative [1] to Extremely Progressive [7]; 60.9% of participants identified 
their political orientation as being between fairly progressive [5] and extremely progressive [7], 12% as between 
extremely conservative [1] and fairly conservative [3], and 27.1% as moderate [4]. Between-subjects analyses of 
variance (ANOVAs) revealed no significant differences in age, gender, political orientation, or sexual orientation 
at pre-test across conditions (ps > 0.05).

Procedure.  The study was completed online and was described as a study examining “Attitudes & Sexual Preju-
dice”. After providing informed consent, participants completed a demographics survey, including a pre-test 
measure of their sexual orientation. Then, participants were randomly assigned to one of three conditions: con-
tinuous, discrete, or control. In the continuous condition, participants read a one-page article detailing recent 
evidence that sexual orientation exists on a continuum inclusive of mostly heterosexual orientations. In the 
discrete condition, the article presented evidence that sexual orientation exists in three discrete forms, hetero-
sexuality, bisexuality, and homosexuality. The third condition (control condition) was a popular science article 
on the effects of global warning. After reading the article, participants were asked five true or false questions 
based on the information they had just read (i.e., a manipulation check). These were to ensure that participants 
had read and comprehended the concept being described (e.g., participants in the discrete condition were asked 
questions such as “Evidence at present supports the idea that sexual orientation does exist in three discrete cat-
egories, heterosexual vs. homosexual vs. bisexual” to check they had apprehended this notion). Participants then 
re-rated their sexual orientation (on the same pre-test measure) and responded to questions assessing their cer-
tainty about their sexual orientation and their willingness to engage in same-sex sexual or romantic behaviors.

Materials.  Demographics.  Participants indicated their age, ethnicity, religiosity, political orientation, birth 
sex, present gender identity, and sexual orientation.

Sexual orientation.  A 9-point Kinsey-type continuum31, was used to assess sexual orientation (1 = exclu-
sively heterosexual, 2 = almost exclusively heterosexual, 3 = mostly heterosexual, 4 = heterosexual-leaning bisexual, 
5 = bisexual, 6 = homosexual-leaning bisexual, 7 = mostly homosexual, 8 = almost exclusively homosexual, 9 = exclu-
sively homosexual). Participants were asked to indicate “what sexual orientation identity [they] identified with at 
present?” at both pre and post-test.

Sexual orientation uncertainty.  Sexual orientation uncertainty was measured using the sexual orientation 
uncertainty subscale (4 items) of the Lesbian Gay Bisexual Identity Scale32 with items adapted for heterosexuals. 
Items in this subscale measured the extent to which people were uncertain about what their sexual orientation 
was (e.g., “I’m not totally sure what my sexual orientation is”). All items were measured on a 4-point Likert-type 
scale ranging from 1 (strongly disagree) to 4 (strongly agree). Higher scores were indicative of more uncertainty 
about one’s sexual orientation. Good internal consistency was demonstrated for this subscale (α = 0.77).

Willingness to experience same‑sex sexual/romantic encounters.  A 4-item scale was constructed to assess an 
individuals’ willingness to engage in sexual/romantic relations with people of the same-sex. Items assessed the 
willingness of participants to have a crush on, fall in love with, have a romantic relationship with, and kiss a 
member of the same-sex (i.e., women were asked about their willingness to engage in sexual/romantic encoun-
ters with other women [e.g., “how willing are you to kiss a woman”], whereas men were asked about their will-
ingness to engage in sexual/romantic encounters with other men [e.g., “how willing are you to kiss a man”]). 
Responses were recorded using a 5-point Likert-type scale (1 = very unwilling, 3 = somewhat willing, 5 = extremely 
willing). Higher scores indicted greater willingness to engage in sexual/romantic interactions with members of 
the same-sex. The scale demonstrated excellent internal consistency (α = 0.93).

Experimental manipulation.  The wordings used in the continuous and discrete conditions were closely 
matched—with both using the same template—but with specific aspects of sentences changed to reflect either 
sexual orientation as existing on a continuum or as existing in three discrete categories (heterosexual, bisexual, 
or homosexual). The control condition was not matched for content (it comprised a popular science article on 
the effects of climate change in the high arctic). It was matched for length. See Supplementary Information for 
manipulations used.

https://osf.io/2chd5/?view_only=f07db63b93274334ae5786c0b2b17bb0
https://osf.io/2chd5/?view_only=f07db63b93274334ae5786c0b2b17bb0
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Data preparation.  To examine the effect of continuous and discrete conditions on sexual orientation, the con-
ditions were dummy coded, with the control condition serving as the baseline comparison. Changes in sexual 
orientation were operationalised as the difference in self-rating before and after the manipulation (i.e., a positive 
difference-score represented a shift toward a more same-sex sexual orientation, whereas a negative difference-
score a shift toward a more opposite-sex sexual orientation). Because responses to the sexual orientation uncer-
tainty and willingness scales were extremely non-normal in both studies (expected given the heterosexual sam-
ple), responses were dichotomized (i.e., strongly disagree/not at all willing = 0; somewhat disagree to strongly 
agree/somewhat willing to extremely willing = 1).

Data analyses.  For each dependent variable (DV: sexual orientation, sexual orientation uncertainty, willing-
ness to engage in same-sex sexual/romantic behaviors), regression models took the same form. In Step 1, we 
examined the main effect of the dummy-coded continuous versus control variable, and the dummy-coded dis-
crete versus control variable, on the dependent variable of interest. In Step 2 (which was only interpreted if the 
R-Square change for Step 2 was significant), we examined the main effect of political orientation (in continuous 
form), gender (male versus female), and added interactions between political orientation × gender, continuous 
condition × political orientation, continuous condition × gender, discrete condition × political orientation, and 
discrete condition × gender. Hierarchical Linear Regressions were used to analyse data for the sexual orientation 
difference-scores. Binomial Logistic Regressions were used to analyse sexual orientation uncertainty and will-
ingness to engage in sexual/romantic interactions with the same-sex, given the binary nature of these dependent 
variables. Where significant interactions were observed, we report post-hoc simple slopes analyses using Hayes’s 
PROCESS Macro, version 3.033. To reduce the likelihood of committing Type-I errors, a Bonferroni correction 
was applied to account for the multiple DVs. Given that we examined three DVs, we used a p-value of 0.0167 
(i.e., 0.05/3) to determine statistical significance.

Results and discussion.  Sexual orientation self‑rating.  The main hypothesis, that those who read the 
continuous account of sexual orientation would shift their ratings of their own sexual orientation to be less ex-
clusively heterosexual (relative to those in the control group: Hypothesis 1), was tested first. Although no main 
effects for the continuous or discreteness manipulation were present, political orientation significantly moder-
ated the effect of the exposure to the continuous condition on sexual orientation self-ratings (so significant 
interactions were present for the discreteness condition), supporting Hypothesis 2B. We tested simple slopes to 
examine at what values of political orientation (− 1 SD below the mean, at the mean, + 1 SD above the mean) 
the continuous manipulation significantly affected sexual orientation change. As there was no main effect of 
gender and no significant condition × gender interaction (contrary to Hypothesis 2A), gender variables were 
not included as covariates when examining simple slopes. Post-hoc simple slopes analyses indicated that while 
politically progressive individuals demonstrated shifts in sexual orientation self-ratings following exposure to 
the continuous condition, t(176) = 3.410, β = 0.462, p < 0.001, CI [0.19, 0.73], and a similar effect was observed 
among political moderates, t(176) = 2.475, β = 0.241, p = 0.014, CI [0.05, 0.43], political conservatives showed 
no such an effect t(176) = 0.180, β = 0.02, p = 0.857, CI [− 0.19, 0.23]. No other interactions were significant (see 
Table 1 and Fig. 1).

Table 1.   Study 1. Effects of reading continuous or discrete accounts on sexual orientation self-ratings and 
secondary indices. PO political orientation. *p < 0.05; **p < 0.01; ***p < 0.001.

Variable

Sexual Orientation ∆ Willingness to have Same Sex Experiences Sexual Orientation Uncertainty

β 95% CI sr2 β 95% CI Exp(β) β 95% CI Exp(β)

Model 1 Model 1

R2 0.020 Step χ2(2) 2.588 5.731

F Change 1.837 Nagelkerke R2 0.019 0.044

Continuous 0.166 [− 0.007, 0.439] 0.142 − 0.458 [0.301, 1.332] 0.633 0.871* 2.389

Discrete 0.076 [− 0.118, 0.307] 0.066 0.107 [0.543, 2.281] 1.113 0.126 1.135

Model 2 Model 2

R2 0.126** Step χ2(9) 28.03*** 8.45

F change 2.936** Nagelkerke R2 210 0.106

Gender 0.032 [− 0.323, 0.404] 0.016 1.474* [1.151, 16.562] 4.366 − 0.417 [0.142, 3.054] 0.659

Political orientation − 0.267 [− 0.277, 0.026] − 0.117 0.237 [0.700, 2.294] 1.268 0.275 [0.685, 2.534] 1.317

Continuous 0.143 [− 0.248, 0.533] 0.052 − 0.085 [0.215, 3.926] 0.919 0.624 [0.430, 8.087] 1.865

Discrete 0.187 [− 0.204, 0.579] 0.068 0.015 [0.241, 4.282] 1.015 − 0.179 [0.177, 3.958] 0.836

Gender × PO 0.276* [0.023, 0.312] 0.164 0.214 [0.713, 2.152] 1.239 0.443 [0.874, 2.776] 1.558

Continuous × PO 0.31** [0.094, 0.442] 0.218 − 0.038 [0.491, 1.889] 0.963 − 0.452 [0.310, 1.305] 0.636

Discrete × PO 0.016 [− 0.153, 0.180] 0.011 − 0.154 [0.447, 1.644] 0.858 − 0.309 [0.347, 1.554] 0.734

Continuous × gender 0.169 [− 0.217, 0.744] 0.078 − 0.276 [0.129, 4.462] 0.759 0.780 [0.329, 14.438] 2.180

Discrete × gender − 0.066 [− 0.564, 0.382] − 0.027 0.229 [0.220, 7.192] 1.258 0.629 [0.264, 13.340] 1.876
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Were these shifts in sexual orientation ratings confined to those who already reported a non-exclusive sexual 
orientation at pre-test, or did those who reported an exclusive heterosexual orientation shift to reporting a 
non-exclusive heterosexual orientation after reading the continuous account? To test this, the following ele-
ments were added to the regression model: the main effect of exclusivity at pre-test (0 = exclusive heterosexual, 
1 = non- exclusively heterosexual), two-way interactions between exclusivity × condition (continuous or discrete), 
and three-way interactions between exclusivity × political orientation × condition (continuous or discrete). This 
unregistered, exploratory analyses, then tested whether the significant two-way political orientation × continu-
ous condition interaction, was further moderated by sexual orientation at pre-test. No significant three-way 
interaction was observed, t(165) = − 2.137, β = − 0.186, p = 0.034, although a trend was present. Follow-up 
analyses indicated sexual orientation shifts were significant among those who were exclusively heterosexual, 
t(127) = 3.216, β = 0.348, p = 0.002, and non-significant among those who were non-exclusively heterosexual, 
t(33) = 0.920, β = 0.281, p = 0.364, at pretest (but note that the samples substantially differ in size). The effect of 
discreteness on sexual orientation self-ratings was not moderated by the exclusivity of one’s heterosexuality at 
pre-test, t(179) = 0.499, β = 0.060, p = 0.618.

Secondary indices.  Secondary indices of sexual orientation demonstrated convergent evidence for changes in 
how people conceived of their sexual orientation among those exposed to the continuous condition, supporting 
Hypothesis 1. A main effect indicated that those in the continuous condition were less certain about their sexual 
orientation than controls. On the other hand, exposure to the discreteness manipulation did not significantly 
impact certainty about one’s sexual orientation failing to support Hypothesis 3. Contrary to predictions, partici-
pants’ willingness to engage in same-sex sexual/romantic behaviors was not significantly affected by exposure to 
the manipulations (Table 1 for analysis, Tables 2 and 3 for descriptive data; and Fig. 3A,B).

Study 2
In sum, Study 1 found that students exposed to continuous theories of sexual orientation reported less exclusive 
heterosexual orientations thereafter (with the exception of politically conservative students), and regardless of 
political orientation, those exposed to continuous theories reported less certainty about their sexual orientation. 
Study 2 attempted to replicate and extend the findings of Study 1. First, to pacify concerns that our continuous 
manipulation may not have adequately primed continuity, it was revised to emphasize the existence of potentially 
infinite gradations of sexual orientation between exclusively heterosexual and exclusively homosexual, rather 
than merely the existence of additional intermediate categories (i.e., mostly heterosexual and mostly gay) as 
described in the continuous manipulation in Study 1. Second, additional informational accounts of sexual ori-
entation (fluid versus stable) were introduced to explore their effects on self-perceived sexual orientation. Third, 
we recruited a more nationally representative community sample with regards to age, political orientation, and 
gender. Finally, sexual orientation was only assessed post manipulation, due to concerns that participants may 
strive for consistency in their pre/post manipulation ratings of their sexual orientation, reducing the strength of 
sexual orientation change in self-reports. As such rather than assessing change in reporting of sexual orientation 
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Figure 1.   Change in sexual orientation self-rating as a function of condition (control or continuous) and 
political orientation (conservative, moderate, or progressive). Higher scores indicate a greater shift in sexual 
orientation from pre- to post-manipulation.

Table 2.   Study 1. Post-manipulation ratings of sexual orientation uncertainty and willingness for same-sex 
encounters in control, continuous, and discrete conditions.

Sexual orientation uncertainty Willingness for same-sex encounters

Strongly disagree
Somewhat disagree–
strongly agree Not at all willing Somewhat willing–extremely willing

Control 74.1% (43) 25.9% (15) 41.4% (24) 58.6% (34)

Continuous 54.5% (30) 45.5% (25) 52.7% (29) 47.3% (26)

Discrete 71.6% (48) 28.4% (19) 38.8% (26) 61.2% (41)
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following manipulation, we examined post-manipulation differences in reported sexual orientation in continu-
ous, discrete, fluid, and stable conditions compared to control.

Methods
Participants.  A nationally representative sample was recruited via Qualtrics panels (participants were reim-
bursed by Qualtrics for their time). The final sample consisted of 460 (232 female) cisgender heterosexual iden-
tified participants (after excluding 48 participants who failed the experimental manipulation check). Sample 
size was determined before any data analysis as outlined in the OSF pre-registration. Ages ranged from 18 to 83 
(M = 45.65, SD = 15.74); 78.7% of the sample identified as White, 13.5% identified as Asian, 1.3% identified as 
Indigenous Australian, and the remaining 6.5% reported a range of ethnicities. The demographic break-down 
of participants with regard to gender, age, and ethnicity is in line with the national values34. Regarding politi-
cal orientation, 31.3% identified somewhere between extremely conservative and fairly conservative, 33.5% as 
moderate, 35.2% as somewhere between fairly progressive and extremely progressive. All participants used the 
label “straight” to describe their sexual orientation.
Procedure.  As with Study 1, participants gave their informed consent online before beginning the study, 
which was advertised as examining “Attitudes & Sexual Prejudice”. After completing the demographics, partici-
pants were randomly assigned to one of the five conditions. The continuous and discrete manipulations pre-
sented the same concepts as in Study 1, whereas Study 2 added two additional conditions—one emphasizing 
how sexual orientation can change over time (fluid condition), and the other highlighting how sexual orienta-
tion remains fixed across time (stable condition). The control condition was a popular science article describing 
the anatomy of trees. Following the manipulation, participants answered three true or false questions based 
on the information they had just read (manipulation check) and completed the sexual orientation measures. 
Participants then completed the same set of outcome measures as in Study 1 (those relevant to this study were 
sexual orientation, sexual orientation uncertainty, and willingness to engage same-sex behaviours). They were 
then reimbursed for their participation and debriefed.

Materials.  Demographics.  The same demographics were collected in Study 2 as in Study 1, apart from 
sexual orientation, which was only assessed at post-test due to concerns that participants would recall their pre-
test response and strive for consistency in self-ratings.

Sexual orientation identity.  The same 9-point question from Study 1 was used to assess sexual orientation. 
Mean post-test sexual orientation rating was intermediate exclusively heterosexual and almost exclusively het-
erosexual (M = 1.36, SE = 0.96).

Sexual orientation uncertainty.  As with Study 1, sexual orientation uncertainty was measured using the 4-item 
sexual orientation uncertainty subscale of the Lesbian Gay Bisexual Identity32 adapted for heterosexuals. Good 
internal consistency was demonstrated for this subscale (α = 0.82).

Willingness to experience same‑sex encounters.  Willingness to experience same-sex encounters was measured 
using the scale designed for Study 1. Excellent internal consistency was demonstrated for this scale (α = 0.94).

Manipulations.  As mentioned above, the continuous manipulation was revised for Study 2, due to a concern 
that the continuous condition in Study 1 did not prime the concept of the sexual orientation continuum strongly 
enough. The discreteness manipulation was also revised to match the length and style of the new continuous 

Table 3.   Study 1. Pre and post manipulation ratings of sexual orientation and sexual orientation change. 
Percentages in the “Change (Pre–Post manipulation)” represent changes in the proportion of participants 
endorsing “exclusively heterosexual”, “almost exclusively heterosexual”, and “mostly heterosexual” for each 
condition (Control, Continuous, Discrete) post manipulation.

Exclusively heterosexual Almost exclusively heterosexual Mostly heterosexual

Pre-manipulation

Control 70.7% (41) 27.6% (16) 1.7% (1)

Continuous 72.7% (40) 23.6% (13) 3.6% (2)

Discrete 83.6% (56) 16.4% (11) 0% (0)

Post-manipulation

Control 75.9% (44) 20.7% (12) 3.4% (2)

Continuous 65.6% (36) 30.9% (17) 3.6% (2)

Discrete 77.6% (52) 22.4% (15) 0.0% (0)

Change (pre–post manipulation)

Control + 5.2% (3) − 6.9% (4) − 1.7% (1)

Continuous − 6.6% (4) + 6.3% (4) 0.0% (0)

Discrete − 6.0% (4) + 6.0% (4) 0.0% (0)
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manipulation. The fluid and stable conditions were matched with each other, but not with the continuous and 
discreteness condition (which, as in Study 1, were matched with one another). The fluidity condition defined the 
concept of sexual fluidity and summarized scientific evidence purporting to demonstrate that sexual orienta-
tion may shift across the life-course, sometimes multiple times (making it explicit that such shifts are typically 
outside of individual conscious control and should not be confused with choice). The stability condition defined 
the concept of sexual stability and presented evidence that sexual orientation is fixed once it emerges early in life. 
Conceptually, matching all four manipulations (continuous, discrete, fluid, stable) was not possible as the ideas 
presented in the fluid and stable conditions did not naturally reflect the ideas of sexual orientation as categorical 
or continuous. Manipulations used can be found in supplemental materials.

Data preparation.  In the final sample, 89 participants (44 female) were randomly assigned to the continu-
ous condition, 88 (43 female) to the discrete condition, 92 (49 female) to the fluid condition, 89 (45 female) to 
the stable condition, and 102 (51 female) to the control group. Between-subjects ANOVAs revealed no signifi-
cant differences between the conditions on age, gender, or political orientation (ps > 0.05). Each condition was 
dummy coded, using the control condition as the reference group. The responses to the uncertainty and willing-
ness scales were extremely non-normal and were subsequently dichotomized in the same manner as in Study 1. 
Two participants, one in the control condition and one in the discrete condition, reported their sexual orienta-
tion as exclusively homosexual on the post-test 9-point Kinsey type scale. These participants were excluded from 
the relevant analysis of sexual orientation due to high likelihood these were non-serious responses (meaning that 
sample size for this analysis was n = 458, but still n = 460 for subsequent analysis of sexual orientation uncertainty 
and willingness to engage in same-sex experiences).

Data analyses.  Similar to Study 1, for each dependent variable of interest the regression models took the 
same form. The dummy coded experimental conditions contrasted with the control condition were entered in 
the first step. Step 2 added the main effects of political orientation and gender and the interactions between 
political orientation × gender, political orientation and experimental conditions (continuous, discrete, fluid, sta-
ble), and between gender and experimental conditions (continuous, discrete, fluid, stable). As in Study 1, Bino-
mial Logistic Regression was used to analyse sexual orientation uncertainty and willingness to engage in sexual/
romantic interactions with the same-sex. As in Study 1, due to multiple comparisons, a Bonferroni correction 
was applied to each variable, such that a p-value of 0.167 was used to determine statistical significance. Although 
Bonferroni is considered a conservative correction, given our relatively large sample size (for experimental social 
psychology) we felt this would minimize the chance of spurious findings.

Ethics.  The experimental protocol was conducted in accordance to guidelines of The University of Sydney 
Research Ethics Committee. The experimental protocol (for research involving humans) was approved by The 
University of Sydney Research Ethics Committee.

Results
In study 2, in line with our primary hypotheses (Hypothesis 1), those who read the continuous or fluid accounts 
were more likely to select a non-exclusive heterosexual orientation (36% and 20.7% respectively) than those 
who read the control article (7.8%). Unlike in Study 1, contrary to Hypothesis 2B, the effect of the continuous 
manipulation on sexual orientation was not significantly moderated by political orientation. Those exposed to 
the discrete account demonstrated a non-significant trend toward being more non-exclusively heterosexual 
(26.1% reported non-exclusive heterosexual attraction patterns) than controls (contrary to Hypotheses 3 that 
discreteness beliefs would actually lead to greater exclusivity). Also counter to Hypotheses 3, exposure to the 
stable account did not impact sexual orientation ratings (12.2% reported non-exclusive heterosexual attrac-
tion patterns). Contrary to Hypothesis 2A, gender failed to significantly moderate the effect of continuous and 
fluid manipulations on self-reported sexual orientation. See Tables 4 and 5 and Fig. 2.

Providing convergent evidence for continuity and fluidity beliefs influencing self-perceived sexual orientation, 
those exposed to the continuous condition demonstrated greater uncertainty about their sexual orientation than 
controls (41.6% vs. 19.6%) and a non-significant trend in the same direction was observed among those who 
were exposed to the fluid condition (34.8%) (partially supporting Hypotheses 1). Neither those in the discrete 
condition (31.8%) nor stable condition (27%) demonstrated less certainty relative to controls (27%). Finally, 
only those exposed to the continuous condition reported greater willingness to engage in same-sex sexual/
romantic experiences in the future, relative to those in the control condition (48.3% vs. 29.4%) further supporting 
Hypothesis 1. Other manipulations failed to demonstrate an effect for willingness to engage in same-sex sexual/
romantic experiences (Table 2 and Fig. 3C,D). Again, contrary to our Hypotheses 2A, gender did not moderate 
any of these effects significantly.

General discussion
These studies show that how heterosexual individuals perceive their sexual orientation can be influenced by 
exposure to different theories regarding the nature of sexual orientation. In Study 1, exposure to continuous 
notions of sexual orientation caused political progressive and moderate, but not conservative university students 
to change how they perceived their sexual orientation to a non-exclusive heterosexual orientation (in support 
of Hypothesis 2B)—presumably as young progressives were less resistant to accepting that they may have the 
capacity for same-sex sexuality. Gender did not significantly moderate the effect of the continuous manipula-
tion on sexual orientation change contrary to Hypotheses 2A. Moreover, supporting Hypothesis 1, reading the 
continuous account caused all participants, regardless of political orientation, to report less certainty about their 



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:16546  | https://doi.org/10.1038/s41598-021-94479-9

www.nature.com/scientificreports/

sexual orientation. Given that college students may be particularly open to sexual identity exploration it was 
necessary to examine these findings in a heterogeneously-aged community sample. Study 2 failed to directly 
replicate Study 1 in a nation-wide, more heterogeneously-aged, community sample. Nevertheless, manipulat-
ing sexual orientation impacted sexual orientation self-ratings in line with Hypothesis 1. Whereas only 8% of 
participants in the control condition reported being non-exclusively heterosexual post manipulation, 36% of 
those who read the continuous account, and 21% who read the fluid account subsequently described themselves 
as non-exclusively heterosexual post manipulation in this between-subject designed study. These shifts occurred 
irrespective of political orientation, or gender (contrary to Hypotheses 2A and 2B). Furthermore, in Study 2, the 
continuous account not only led heterosexuals to report less certainty about their sexual orientation, but also to 
express greater willingness to engage in sexual or romantic interactions with members of the same-sex. This latter 
finding may have been significant in Study 2 but not in Study 1 given the substantial difference in power, with the 
Study 2 sample size offering greater power to find a significant effect for between-subject variables, such as those.

Table 4.   Study 2. Effects of reading continuous, discrete, fluid, and stable accounts on sexual orientation self-
ratings and secondary indices. PO political orientation *p < 0.05; **p < 0.01; ***p < 0.001.

Variable

Sexual orientation post-test
Willingness to have same sex sexual/
romantic experiences Sexual orientation uncertainty

β 95% CI sr2 β 95% CI Exp(β) β 95% CI Exp(β)

Model 1 Model 1

R2 0.059*** Step χ2(4) 8.301*** 13.428**

F Change 7.111 Nagelkerke R2 0.025*** 0.041**

Continuous 0.239*** [0.266, 0.722] 0.194 0.794** [1.219, 4.014] 2.212 1.122** [1.598, 5.901] 3.071

Discrete 0.138* [0.059, 0.518] 0.113 0.270 [0.710, 2.416] 1.310 0.717* [1.046, 4.010] 2.048

Fluid 0.211*** [0.206, 0.658] 0.171 0.233 [0.689, 2.312] 1.262 0.834* [1.192, 4.445] 2.302

Stable 0.027 [− 0.172, 0.284] 0.022 0.083 [0.585, 2.016] 1.086 0.466 [0.804, 3.159] 1.594

Model 2 Model 2

R2 0.543 Step χ2(9) 52.151*** 14.495

F Change 0.897 Nagelkerke R2 0.170 0.084

Gender 0.027 [− 0.269, 0.358] 0.013 0.802 [0.908, 5.481] 2.231 − 0.408 [0.242, 1.827] 0.665

Political Orientation − 0.014 [− 0.145, 0.128] − 0.006 0.339 [0.939, 2.096] 1.403 − 0.088 [0.597, 1.404] 0.916

Continuous 0.207* [0.266, 0.722] 0.194 1.090 [1.199, 7.379] 2.975 0.487 [0.540, 3.647] 5.156

Discrete 0.123 [0.059, 0.518] 0.113 0.269 [0.485, 3.537] 1.309 0.666 [0.472, 3.231] 3.647

Fluid 0.171* [0.206, 0.658] 0.171 − 0.346 [0.244, 2.056] 0.708 0.387 [0.593, 3.857] 3.231

Stable 0.027 [− 0.172, 0.284] 0.022 − 0.514 [0.199, 1.797] 0.598 0.429 [0.242, 1.827] 30.857

Gender × PO 0.051 [− 0.068, 0.153] 0.034 0.022 [0.737, 1.418] 1.023 0.060 [0.774, 1.457] 1.457

Continuous × PO − 0.004 [− 0.182, 0.172] − 0.002 − 0.210 [0.500, 1.312] 0.810 − 0.169 [0.501, 1.424] 0.845

Discrete × PO 0.089 [− 0.056, 0.307] 0.062 0.381 [0.832, 2.575] 1.464 0.523 [0.961, 2.965] 1.688

Fluid × PO − 0.076 [− 0.266, 0.077] − 0.050 − 0.149 [0.524, 1.417] 0.862 0.192 [0.722, 2.033] 1.211

Stable × PO 0.003 [− 0.178, 0.186] 0.002 0.033 [0.598, 1.786] 1.033 0.046 [0.604, 1.816] 1.048

Continuous × gender 0.043 [− 0.342, 0.580] 0.023 − 0.553 [0.167, 1.979] 0.575 0.839 [0.609, 8.789] 2.314

Discrete × gender 0.028 [− 0.382, 0.538] 0.015 − 0.111 [0.238, 3.369] 0.895 0.705 [0.508, 8.060] 2.023

Fluid × gender 0.051 [− 0.318, 0.589] 0.027 0.897 [0.642, 9.369] 2.453 1.192 [0.856, 12.681] 3.294

Stable × gender − 0.006 [− 0.477, 0.443] − 0.003 0.704 [0.515, 7.934] 2.022 0.136 [0.286, 4.595] 1.146

Table 5.   Study 2. Post-manipulation ratings of sexual orientation, sexual orientation uncertainty and 
willingness for same-sex encounters in control, continuous, discrete, fluid, and stable conditions.

Condition

Sexual orientation Sexual orientation uncertainty
Willingness for same-sex 
encounters

Exclusively 
heterosexual

Almost 
exclusively 
heterosexual

Mostly 
heterosexual

Bisexual-
leaning 
heterosexual

Bisexual 
to mostly 
homosexual

Strongly 
disagree (1)

Somewhat 
disagree (2)–
strongly agree 
(4)

Not at all 
willing (1)

Somewhat 
willing (2)–
extremely 
willing (5)

Control 92.2% (94) 7.8% (8) 0.0% (0) 0.0% (0) 0.0% (0) 80.4% (82) 19.6% (20) 70.6% (72) 29.4% (30)

Continuous 64.0% (57) 23.6% (21) 5.6% (5) 4.5% (4) 2.2% (2) 58.4% (52) 41.6% (37) 51.7% (46) 48.3% (43)

Discrete 73.9% (65) 18.2% (16) 5.7% (5) 2.3% (2) 0.0% (0) 68.2% (60) 31.8% (28) 64.8% (57) 35.2% (31)

Fluid 79.3% (73) 8.7% (8) 4.3% (4) 1.1% (1) 6.5% (6) 65.2% (60) 34.8% (32) 65.2% (60) 34.8% (32)

Stable 88.8% (79) 9.0% (8) 2.2% (2) 1.1% (1) 6.5% (6) 73.0% (65) 27.0% (24) 68.5% (61) 31.5% (28)
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As mentioned, unlike in Study 1, in Study 2 manipulations influenced sexual orientation self-ratings irrespec-
tive of the political orientation of participants (contrary to Hypothesis 2B). It is possible that the effects of the 
continuous condition were stronger in Study 2 (national sample; average age 45) than Study 1 (college sample; 
average age 19) because these notions of sexual orientation were more novel for the national sample who were 
on average middle-aged and more politically conservative (i.e., a ceiling effect may have reduced the strength 
of shifts in the college sample—who were perhaps already well accustomed to continuous notions of sexuality 
due to young age and political progressivism). Another possibility is that the differences in the design of the 
studies contributed to the differences in the effect of political orientation. In the first study, a within-subject 
assessment allowed us to assess actual within-subject changes following the manipulation. As such, it meant 
that participants were willing to show changes in their self-perceptions following the manipulation. As politi-
cally conservative students view same-sex attraction more negatively than their progressive counterparts35, it 
was arguably less taxing for the progressive (and moderates) to admit that the information in the manipulation 
(legitimizing gradations of heterosexuality) led them to explicitly recognise some low level of same-sex attrac-
tion in themselves. For conservatives, on the other hand, such an admission may have been more taxing and 
thus, less frequent, leading to the observed differences. In Study 2, on the other hand, no pre-manipulation 
indication of their Kinsey-type identity label was reported, thus the willingness to show that they accepted the 
information in the manipulation by changing their identity label immediately following the manipulation was 
absent, allowing the participants to avoid showing explicit endorsement of the information about continuity (or 
fluidity) of sexual orientation. Thus, the nature of the studies’ designs may have led conservative individuals to 
respond differently to the manipulations.

Across studies, neither the discrete nor stable manipulations demonstrated effects on sexual orientation 
self-concept—and specifically, contrary to Hypothesis 3—they failed to increase exclusivity of heterosexual 
feelings or decrease sexual orientation uncertainty or willingness to engage in same-sex encounters. This may 
be interpreted to suggest that discrete and stable notions of sexual orientation were perhaps the default assump-
tions in our sample. Furthermore, in Study 2, increased rates of non-exclusive heterosexual identification were 
observed also among those in the discrete condition (although this was a non-significant trend). On reflection, 
it is possible that the discrete condition provided scientific evidence that bisexuality exists—which is counter 
to the binary view of sexual orientation that is still predominant in society—particularly in older generations6 
and those who are more politically conservative36. This may have resulted in more self-reports in the bisexual 
spectrum in some participants. However, the failure to observe this trend in Study 1 may indicate that this find-
ing is spurious and requires future replication.

Contrary to our Hypotheses 2A, women appeared no more likely than men to report non-exclusive het-
erosexuality following exposure to informational accounts. At face value this is surprising given considerable 
evidence the female sexual orientation is more malleable than male sexual orientation21,22,37, and given that het-
erosexual men are likely to experience greater internal resistance28, and greater social backlash24,30, to adopting 
a non-exclusive heterosexual orientation. However, a closer look at Study 1 may explain why we did not observe 
gender differences in these effects. Pre-manipulation, men were much more likely than women to report an 
exclusively heterosexual orientation (91.7% versus 68.3%), and as discussed above, we observed a trend wherein 
those who were exclusively heterosexual at pre-test demonstrated stronger shifts following exposure to the con-
tinuous manipulation than those who were non-exclusively heterosexual at pre-test. Thus, a ceiling effect among 

Figure 2.   Sexual orientation self-ratings from Exclusively Heterosexual through to Exclusively Homosexual 
after reading a control article or a continuous, discrete, fluid, or stable account of sexual orientation. Differences 
in sexual orientation *p < 0.05.
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the subset of women who already rated themselves as non-exclusively heterosexual at pre-test, may explain why 
women did not demonstrate stronger increases in non-exclusive heterosexuality than men.

Providing convergent evidence that the continuous account of sexual orientation can influence how hetero-
sexuals view their sexual orientation—participants who read the continuous account were more uncertain of 
their sexual orientation than those in the control group. This may prove to be a temporary phase as individuals 
try to make sense of their sexual orientation in light of the new information, or alternatively, it may be a more 
permanent phenomenon which occurs as individuals move away from categorical and binary understandings 
of sexual orientation2,38. Moreover, in Study 2, reading the continuous account of sexual orientation increased 
participant’s willingness to engage in sexual/romantic interactions with members of the same-sex, relative to 
controls. Whether these behavioral intentions manifest in actual same-sex encounters will require future research. 
Critically, although those who read continuous and fluid accounts of sexual orientation were more likely to 
report a non-exclusive heterosexual orientation than controls, it is difficult to assess the generalizability of these 
effects to a real-world context, including whether the effects of reading these accounts persists over time (i.e., 
did our brief intervention permanently affect how participants view their sexual orientation?). Longitudinal 
studies are required to assess the stability of these effects on self-perceived sexual orientation—and thus these 
findings should be interpreted with caution. Such studies will benefit from integrating elements that can shed 
light on the mechanisms that are involved in the transitions away from the completely heterosexual descrip-
tors. As perceptions of homogeneity are considered to be central to essentializing social categories based on 
elements such as sexual orientation39, and this essentialist tendency plays a role in making the members of such 
groups (e.g., heterosexual vs non-heterosexual individuals) seem more distinct from each others40, the role of 
perceptions of continuity and fluidity in reducing essentialism-derived taxometric notions offers a promising 
direction to explore.

Our manipulation of sexual orientation focused on influencing people’s perception of the continuity/discrete-
ness/fluidity/stability of sexual arousal/sexual attraction, which although at the heart of what most people mean 
by sexual orientation41, is not the only thing which informs people’s sexual orientation. For instance, had our 

Figure 3.   Post-manipulation sexual orientation uncertainty and willingness to have same-sex experiences in 
Study 1 and Study 2. For (A) and (B), Y-axis represents the percentage of participants in each condition who 
reported some-level of sexual orientation uncertainty (somewhat disagree [2] to strongly agree [4]). For (C) and 
(D), Y-axis represents the percentage of participants in each condition who report some level of willingness to 
have same-sex experiences (somewhat [2] to extremely willing [5]).
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manipulations discussed continuity or fluidity in romantic feelings or pair bonding feelings—these may have 
impacted sexual orientation self-ratings in different ways. Arguably, as romantic feelings may be less gender 
specific than sexual arousal/attraction42, at least in males, including romantic themes (e.g., evidence that feel-
ings of emotional intimacy/crushes toward members of the same-sex indicate non-exclusive heterosexuality) in 
our manipulation may have resulted in larger shifts in self-ratings. Future research may examine this possibility.

An intriguing possibility is that heterosexuals who hold a continuous or fluid view of sexual orientation are 
less prejudiced toward gay, lesbian, or bisexual peoples. Such a prediction is supported by evidence that indicates 
that perceiving sexual orientation as discrete is associated with greater anti-gay prejudice8. On the other hand, 
a recent study found that when heterosexual men are exposed to information that blurs the distinction between 
themselves and homosexual men, they enact greater homophobia, to re-establish their distinctiveness28. Future 
research clarifying how continuous and fluid notions of sexual orientation impact sexual prejudice is therefore 
of the upmost importance. Further, although the present research focused solely on heterosexual populations, 
future research may also examine how exposure to continuous and fluid notions of sexual orientation influences 
how gay men and lesbian women conceive of their sexual orientation. The potential effects of such exposure on 
shifts in reported sexual orientation and on levels of internalized homophobia are valuable, needed explorations.

Our findings also bring into question the meaning of “mostly” (e.g., “mostly same-sex attracted”, mostly 
opposite-sex attracted”) ratings on Kinsey-type measures. As commonly interpreted by researchers and lay 
people alike, individuals who report different positions on a Kinsey-type scale are thought to possess different 
sexual orientations43. But how then do we make sense of the present findings—in which participants’ self-ratings 
changed following our manipulations? Did we change the sexual orientation of our participants? Surely not. To 
make sense of the shifts observed we need to recognize that measures such as the Kinsey scale can only possibly 
assess “self-perceived sexual orientation”44. Although self-perceived sexual orientation is partly informed by 
actual sexual/romantic experiences (which gender/s we find sexually arousing, crush on, fantasize about, have 
sex with) these experiences are filtered through appraisals of these thoughts, feelings, and behaviours based on 
a range of personal beliefs and attitudes. This means that two individuals, with identical sexual experiences, 
could report quite different sexual orientations. The present study found that manipulating participants beliefs 
about sexual orientation changed how they interpreted their sexual/romantic experiences and the subsequent 
global assessment they made when rating their sexual orientation. As considerable effort has been undertaken 
to understand mental health45,46, substance use47,48, sexual health49–51, discrimination52, and even physiological 
differences43,53–57 between exclusive and non-exclusive heterosexual individuals, clarifying the cognitive and 
attitudinal variables that may predispose a heterosexual person to adopt respective labels is surely important if 
we are interested in the causes of differences (e.g., mental health, sexual health) between exclusive heterosexual 
and non-exclusive heterosexual populations.

Our findings suggest that non-exclusive heterosexual orientations might become more prevalent as continu-
ous and fluid notions of sexuality become more culturally mainstream and provide currently-identified hetero-
sexuals with more nuanced ways of describing themselves. We should stress that present findings do not support 
the contention that sexual orientation (the underlying compass that directs our sexual/romantic feelings) can be 
changed. Rather we show that how people understand and label their experiences can influenced by exposure to 
certain theories of sexual orientation, which arguably more accurately reflect their underlying feelings.

Data availability
All data is available in the main text or the Supplementary Information.
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